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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fluid display of the tubular inside 
of the body, and relates to the fluid display of the tubular inside of the body which 
displays the flow of fluids, such as blood, on the false three dimensional image of the 
tubular inside of the body, such as a blood vessel, in piles especially. 
[0002] 

[Description of the Prior Art] Conventionally, in the design of an airplane etc., the 
situation of the flow of the air of the aerofoil circumference may be reproduced and 
displayed by the computer. Generally, in order to reproduce the situation of flow by 
the calculator, it is necessary to solve the partial differential equation of the below- 
mentioned NABIE stokes under boundary condition and initial condition with a finite 
difference method, the finite element method, or a boundary element method. Like the 
aerofoil of an airplane, if initial condition suitable as boundary condition is given, the 
form, i.e., the boundary, which the architect decided, in the case of an artifact, solution 
Lycium chinense can do the partial differential equation of a NABIE stokes, and that of 
the flow of air can be reproduced to it. 

[0003] By the way, in a medical field, diagnostic equipment, such as an X-ray CT 
scanner and MRI equipment, is used in recent years for diagnoses, such as an organ of 
analyte. According to such diagnostic equipment, the image data (CT data) of the 
tomogram for a desired object part can be collected, an image processing can extract 
the image data of chisels, such as a desired organ, from the collected image data, and 
the simulation three dimensional image observed from the request location of the 
organ can be generated. 

[0004] By using such diagnostic equipment now, a blood vessel part can be extracted, 
the wall of a blood vessel can be observed now, and it has become as [ diagnose / the 
abnormality part which the blood vessel blockades with a cholest roll etc. ]. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional diagnostic 
equipment, even if the configuration of a blood vessel wall was displayed, the flow of 
actual blood was not displayed, and the situation of the blood flow in a blood vessel 
has not been grasped easily. Moreover, it is carried out like the case where it is a 
diagnosis of a blood vessel to carry out nondestructive inspection of the situations, 
such as corrosion of a tubular inside-of-the-body wall, from the tomogram which 
collected and collected the tomograms for tubular objects, such as piping, also in the 
field of not only a medical field but industry etc. However, also in this case, the 
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situation of the flow of the fluid of the tubular inside of the body has not been grasped, 
and sufficient diagnosis of it was not completed. 

[0006] This invention was made in view of such a situation, and aims at offering the 
fluid display of the tubular inside of the body which can grasp visually the flow of the 
fluid of the tubular inside of the body, such as a blood vessel. 
[0007] 

[Means for Solving the Problem] A tubular inside-of-the-body wall display means 
which accumulated two or more tomograms containing a volume image in order that 
this invention might attain said object to accumulate and to display the false three 
dimensional image of a tubular inside-of-the-body wall on a screen from a three 
dimensional image, A tubular inside-of-the-body wall coordinate detection means to 
detect the coordinate of a tubular inside-of-the-body wall from said product raising 
three dimensional image, A rate-of-flow calculation means to compute the rate-of- 
flow vector in each point of this tubular inside of the body by making into boundary 
condition the coordinate of the tubular inside-of-the-body wall detected with said 
tubular inside-of-the-body wall coordinate detection means, a fluid display means to 
make contrast with the false three dimensional image of said tubular inside-of-the- 
body wall displayed by said tubular inside-of-the-body wall display means based on 
the rate-of-flow vector in each point of said tubular inside of the body computed by 
said rate-of-flow calculation means, and to display the flow of a fluid — since — it is 
characterized by changing. 

[0008] According to this invention, the rate-of-flow [ in / considering the coordinate 
of this detected tubular inside-of-the-body wall as boundary condition / while 
accumulating and displaying the false three dimensional image of a tubular inside-of- 
the-body wall on a screen from a three dimensional image, the coordinate of a tubular 
inside-of-the-body wall is detected from said product raising three dimensional 
image, and / each point of the tubular inside of the body ] vector which accumulated 
two or more tomograms containing a volume image is computed. And it is made to 
contrast with the false three dimensional image of the tubular inside-of-the-body wall 
displayed on the screen based on the rate-of-flow vector searched for, and the flow of 
a fluid is displayed. 

[0009] Thereby, the situation of the flow of the fluid of the tubular inside of the body 
can be grasped visually, and the defective part inside a tubular object can be easily 
detected now. 
[0010] 

[Embodiment of the Invention] It explains in full detail about the gestalt of desirable 
operation of the fluid display of the tubular inside of the body which starts this 
invention according to an accompanying drawing below. The blood-flow display which 
displays the flow of the blood in a blood vessel below as one example of the fluid 
display of the tubular inside of the body concerning this invention is explained. A 
blood-flow display extracts the image data of a blood vessel part from the medical 
image data collected about the object part of analyte by medical image diagnostic 
equipment, such as an X-ray CT scanner and MRI equipment, if a blood vessel wall is 
expressed as a three-dimension image as shown in drawing 3 , will calculate the flow 
of the blood in a blood vessel on a peach based on the configuration of a blood vessel 
wall, and will display the situation on it. 

[0011] Drawing 1 is the block diagram showing the hardware configuration of this 
blood-flow indicating equipment. The arithmetic and program control 50 which 
controls actuation of each component to be shown in this drawing (CPU), The main 
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memory 52 in which the control program of equipment was stored, and the magnetic 
disk 54 with which two or more tomograms, image reconstruction programs, etc. were 
stored, The display memory 56 memorized in order to display the reconfigurated 
image data, CRT58 as a display which displays the image data from this display 
memory 56, The mouse 60 as a locator, and the mouse controller 62 which detects the 
condition of a mouse 60 and outputs signals, such as a location of the mouse pointer on 
CRT58, and a condition of a mouse 60, to CPU50, It consists of a keyboard 64 which 
inputs various kinds of operator command etc., and a common bus 66 which connects 
each above-mentioned component. 

[0012] Hereafter, an operation of the above-mentioned blood-flow display is 
explained using the flow chart of drawing 2 . First, CPU50 constitutes the three 
dimensional image of the blood vessel wall of an object part from data of the tomogram 
stored in the magnetic disk 54 using the perspective drawing (for example, image as 
shown in drawing 3 ). Here, explanation of the perspective drawing performs as 
follows conversion on the coordinate on the plane of projection of the pixel coordinate 
of each tomogram which is in charge of projection of each tomogram for the plane of 
projection by main projection. 

[0013] In the example shown in drawing 9 , in order to simplify explanation, system of 
coordinates are taken so that plane of projection, the fault image surface, and also a 
x-y side may be parallel respectively. In this drawing 9 x, and y and z Each shaft of 
three-dimensions system of coordinates (x y, z), the point of crossing the straight line 
22 by which the location of View e and P points (X, Y) pass along the point on plane of 
projection (it is equivalent to the display screen) 21, and, as for e points (xl, yl, dl), S 
points (xO, yO, dO) pass along e points (xl, yl, dl) and P points (X, Y), and tomogram 
23A — it comes out. 

[0014] Moreover, D is the location (on the z-axis) of the plane of projection 21 of 
plane of projection 21, and can be set as arbitration. dO is the location (on the z-axis) 
of tomogram 23A, and is decided at the time of measurement, dl — the z-coordinate 
of View e — it comes out. According to this, the following formula is realized. 
[0015] 
[Equation 1] 

X={(D-dl)/(d0-dl)> x(x0-xl)+xl — (1) 
Y={(D-dl)/(d0-dl)> x(y0-yl)+yl — (2) 
x0={(d0-dl)/(D-dl)} x(X-xl)+X — (3) 
y0= {(d0-dl) /(D-dl)} x(Y-yl) + Y — (4) 

When displaying the projected image by 512 pixels by 512 pixels on the display screen 
(not shown) equivalent to plane of projection 21, the values from Y-256 to X and + 256 
are taken. To each X and Y, on tomogram 23A of dO, xO and yO are decided by supra 
(3) and (4) type, and it is decided which point should project. Since tomogram 23A has 
more than one and dO has more than one, the points xO and yO which should project 
plurality to 1 set of X and Y are decided. 

[0016] In the same system of coordinates, the tomograms 23B-23E other than 
tomogram 23A are prepared, and drawing seen from y shaft orientations is shown in 
drawing 10 (a). In this drawing 10 (a), Tomograms 23A-23E are tomograms (although 
it is regular intervals in the example of a graphic display, it is not necessary to be 
necessarily regular intervals) obtained at equal intervals in the same direction about 
the same object, and the organ field Bl, B-2, and B3 emphasize them to tomogram 
23B, and they are written on it. If the organ field Bl, B-2, and B3 are projected on 
plane of projection 21, it will become Bl\ B-2', and B3\ Similarly, if the organ fields 
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CI and C2 of tomogram 23C are projected on plane of projection 21, it will become CI' 
and C2\ here, since when writing projection data 'here — Bl\ B-2', and B3 — ;C1\ 
C2 f to display memory (not shown) takes out three-dimensions-effectiveness, the 
projection data which sees from View e and exists in the distance more is written in 
previously, and nearby projection data overwrites later from it. therefore — here — 
**** — projection data — C — one — C — two — projection data — B — one — 
B-2 — B — three — the direction — a view — e — a long distance — existing — 
since — projection data — B — one — 1 — B-2 — ' — B — three — 1 — 
previously — writing — projection data — C — one — ' — C — two — 1 — after - 

- from — overwriting — ******** u [ n addition — drawing 10 (a) — projection data 
Bl f , B-2', and B3, although ';C1\ C2 f are separated from the each plane of projection 
21 and it is shown this — display memory — writing in — projection data — B — 
one — * — B-2 — * — B — three ~ ' — ; — C ~ one — 1 ~ C — two — 1 — 
sequence — intelligible — writing — not passing — the beginning — writing — 
having — projection data — B — one — 1 — B-2 — 1 — B — three — ' — it — 
overwriting — having — projection data — C — one — ' — C — two — ' — actual 

— plane of projection — 21 — a top — writing — having . 

[0017] Drawing 10 (b) is what was generalized and shown from drawing 10 (a), and is 
an example when plane of projection and the fault image surface are not parallel. In 
this case, it is necessary to make Tomograms 23A and 23B, the tomograms 23a and 
23b turned to the field parallel to plane of projection 21 by 23C — to the interpolation 
operation, and 23c — . Others are the same as that of the case of drawing 10 (a). 
bl'Icl' and c2 — ';dl' is projection data of organ field blJcl on the tomograms 23b 
and 23c by which the interpolation operation was carried out, and 23d, and c2;dl. [ in 
addition, ] 

[0018] Drawing 11 is drawing for explaining the coordinate transformation by main 
projection when a view, a tomogram, and plane of projection have more complicated 
physical relationship, and shows that the projection result of S points (xO, zO, yO) on a 
tomogram 23 becomes P on a projection flat surface (x y, z). In this drawing 11 , 
conversion on the coordinate on the projection flat surface 21 of the pixel coordinate 
of a tomogram 23 which is in charge of projection of the tomogram 23 for the 
projection flat surface 21 by main projection is performed as follows. 
[0019] the point that a x axis and the projection flat surface 21 cross here, as for a, 
the point that the y-axis and the projection flat surface 21 cross, as for b, and the 
point that the z-axis and the projection flat surface 21 cross, as for c — it comes out. 
[0020] Moreover, the angle which the line which projected the perpendicular which 
took down alpha from the zero to the projection flat surface 21 on the z-x side makes 
with a x axis, Said perpendicular the angle which beta makes with a x-z side, and e 
points (xl, yl, zl) The location of View e, The following formula will be realized if it is 
the point that the straight line 22 by which P points (x y, z) pass along the point on 
plane of projection (it is equivalent to the display screen) 21, and S points (xO, zO, yO) 
pass along e points (xl, yl, zl) and P points (x y, z), and a tomogram 23 cross. 
[0021] First, the projection flat surface 21 is [0022]. 
[Equation 2] 

(x/a)+(y/b)+(z/c)=l ~ (5) 

It is come out and expressed. Moreover, the straight line 22 which passes along e 
points (xl, yl, zl) and P points (x y, z) is [0023]. 
[Equation 3] 

(xO-x) /(xl-x) =(y0-y)/(yl-y) =(z0-z)/(zl-z) — (6) 
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It is come out and given. It is [0024] when the projection flat surface 21 passes along 
one C (xcl, ycl, zcl). 
[Equation 4] 

kl=sinalphak2=cos alpha/sinbetak 3=cos alpha-cos beta/sinbetaai = it is [0025] as 1- 

/abi=Wbci=l/c. 

[Equation 5] 

z=[— X-kl-Y-k2-ycl-k3-{(ci-k3, zcl) /bi}+ {(ai-k3 and X) /(bi-cosalpha)}- {(ai-k3, 
xcl) ~ 

/bi}]/[l-{(ci-k3)/bi}+ {(ai-k3andsinalpha) /(bi-cosalpha)}] — (7) 

x=(X-z-sinalpha)/cosalpha — (8) 

y= [ycl+ {-ci and (z-zcl) -ai- (x-xcl)}]/bi (9) 

Here, it is [0026] as a point (the distance between this point and View e is h) that the 
perpendicular taken down from View e (xl, yl, zl) to the projection flat surface 21 
and the projection flat surface 21 cross one above C (xcl, ycl, zcl). 
[Equation 6] 

zcl=zl+ - [h/sqrt{l+ (c2 /a2 )+ (c2 /b2 )}] 

(at the time [ "-" of *'zl+ / - /" ] of z0<zcl) — (10) 

xcl=xl+ {c-(zl-zcl)/a> ~(11) 

ycl=yl+ {c-(zl-zcl)/b} — (12) 

It is good in ****. 

[0027] When displaying the projected image by 512 pixels by 512 pixels on the 
display screen (not shown) equivalent to the projection flat surface 21, the values from 
Y-256 to X and + 256 are taken, x and y are decided by supra (7), (8), and (9) type to 
each X and Y. Since xl, yl, and zl of e points are given to arbitration, the coordinates 
xO and zO of S pixels are decided by lower ** (13) and (14) types on the tomogram for 
y0=d0. 
[0028] 
[Equation 7] 

x0={(d0-y)/(yl-y)} x(xl-x)+x — (13) 
z0= {(d0-y) /(yl-y)} x(zl-z) + z — (14) 

Since a tomogram has more than one and dO has more than one, the points xO and yO 
which should project plurality to 1 set of X and Y are decided. 

[0029] In addition, R in drawing 11 shows the distance from View e to S points, and 
this R becomes a parameter at the time of calculating the pixel value (brightness) of P 
points. The pixel value of P points is proportional to the value which subtracted Above 
R from the maximum Rmax of the set-up pixel value (brightness). The above 
coordinate transformation is performed about all the points on the projection flat 
surface 21 equivalent to the display screen. Moreover, it carries out about all the 
tomograms 23. The point actually displayed is a point nearest to a view among two or 
more points of fulfilling the conditions of the threshold on projection. 
[0030] In addition, the three-dimensions image display of a blood vessel wall is 
indicated by the Japanese-Patent-Application-No. No. 143496 [ four to ] description. 
Thus, the three dimensional image of a blood vessel wall constitutes, and the 
coordinate (coordinate of the point on CT image of the origin corresponding to a 
displaying point) of the pixel used for the configuration of this three dimensional image 
is stored in a magnetic disk 54 (or main memory 52). ( Drawing 2 step 1) . 
[0031] Next, CPU50 computes the rate of the blood in a blood vessel by being based 
on the coordinate of the blood vessel wall stored in the magnetic disk 54 ( drawing 2 
step 2). Here, the calculation approach of the rate of blood is explained. The equation 
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system which generally makes a rate and a pressure the unknown of flow is expressed 
as follows in a Cartesian coordinate system (x, y, z-coordinate system), 
[0032] 
[Equation 8] 

**u/**x+ **v/**y+ **w/**z=0 .... (15) 

[0033] 

[Equation 9] 

**u/**t+ uand**u/**x+ vand**u/**y+ wand**u/**z =-**2 P/**x2+ (**2 u/**x2+ **2 
u/**y2+ **2 u/**z2) 
/Re .... (16) 
[0034] 

[Equation 10] 

**v/**t+ uand**v/**x+ vand**v/**y+ wand**v/**z =-**2 P/**y2+ (**2 v/**x2+ **2 
v/**y2+ **2 v/**z2) 
/Re .... (17) 
[0035] 

[Equation 11] 

** w /**t+ uand**w/**x+ vand**w/**y+ wand**w/**z =-**2 P/**z2+ (**2 w/**x2+ **2 
w/**y2+ **2 w/**z2) 
/Re .... (18) 

Here, the equation of continuity an equation (15) describes the conservation law of 
mass to be, (16), or (18) are a NABIE stokes (N-S is called henceforth.) equation 
which describes a momentum Conservation Act rule. However, in a pressure, and u, v 
and w, the velocity compornent of flow and Re express the Reynolds number, and t 
expresses [ P ] time amount. 

[0036] And the rate and pressure of a blood flow in each location are computed by 
giving initial condition and boundary condition to an above-mentioned equation (15) 
thru/or the equation of (18). The coordinate recorded on the magnetic disk 54, i.e., the 
coordinate of the pixel used for the configuration of a three dimensional image, 
(coordinate of the point of fulfilling a blood vessel wall, i.e., the conditions of a 
threshold) is used for setting out of boundary condition. 

[0037] Since it is easy, the rate of a blood flow is fixed everywhere at this point (xb, 
yb, zb). For example, by uO and vO When a pressure is also assumed to be P0, 
boundary condition is [0038] at the time of time of day t= 0 as u(xb, yb, zb, t) =u0v(xb, 
yb, zb, t) =v0w(xb, yb, zb, t) =w0P(xb, yb, zb, t) =P0 and initial condition. 
[Equation 12] 

u(x y, zO) =u0 (x y, z) .... (19) 
[0039] 

[Equation 13] 

v(x y, zO) =v0 (x y, z) .... (20) 
[0040] 

[Equation 14] 

w(x y, zO) =w0 (x y, z) .... (21) 
[0041] 

[Equation 15] 

P(x y, zO) =P0 (x y, z) .... (22) 

Moreover, since a pressure P simulates the pressure generated by the beat of the 
heart, it may be approximated with the functions (a trigonometric function or its 
combination) which change periodically (the situation of change of the pressure P by 
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time amount is shown in drawin g 4 ). For example, it is [0042] as a parameter with 
which the phase of the heart is expressed for delta. 
[Equation 16] 

P(x y, zO) = (constant 7-cos (delta)), PO (x y, z) 
.... (23) 

You may carry out. The value of uO (x y, z), vO (x y, z), vO (x y, z), and PO (x y, z) 
uses what was stored in the magnetic disk as initial value. Or the function of a high 
order curve may be used and you may make it generate on that spot. 
[0043] For example, when the core of a blood vessel specified with the mouse 60 is 
set to (xc, yc, zc), it is u0(x y, z) = constant 1-constant 2- (x-xc) ((x-xc)+ (y-yc)(y- 
yc)+ (z-zc) (z-zc)). 

v0(x y, z) = constant 3-constant 4- (x-xc) ((x-xc)+ (y-yc)(y-yc)+ (z-zc) (z-zc)) 
w0(x y, z) = constant 5-constant 6- (x-xc) ((x-xc)+ (y-yc)(y-yc)+ (z-zc) (z-zc)) 
P0(x y, z) = constant 7-constant 8- (x-xc) ((x-xc)+ (y-yc)(y-yc)+ (z-zc) (z-zc)) 
You may come out and approximate. 

[0044] in addition — although the numerical solution of the partial differential 
equation of a NABIE stokes was used for this invention — the volume University of 
Tokyo Press February 25, 1992 issuance and for Yasuhara **** large Shinto priest 
Hisaaki — it is explained by work "Computational Fluid Dynamics" 15-40 page in full 
detail. Especially, in 18 pages, it is Marker-and-Cell. How to ask for the rate and 
pressure by law is explained in full detail. However, this invention is not limited to the 
approach of the solution method of this partial differential equation. 
[0045] As mentioned above, CPU50 performs the above-mentioned numerical 
calculation, computes the rate and pressure of blood in each point in a blood vessel, 
and displays in piles the blood-flow display image in which the situation of a blood 
flow as shown in drawing 5 or drawing 6 was shown on the three dimensional image 80 
of a blood vessel wall at CRT58 ( drawing 2 step 3). the point (round mark 70A in 
drawing — ) chosen as the arbitration inside a blood vessel in the blood-flow display 
image of drawing 5 while the three dimensional image 80 of a blood vessel wall was 
displayed on CRT58 it is the point shown by 70A and — , and the coordinate of this 
point may be beforehand set up on space coordinates, or may be determined by what 
kind of approaches, such as specifying at random. The direction of the blood flow 
which can be set is displayed by arrow-head 70B and 70B — . In addition, you may 
make it display round marks 70A and 70A, — and arrow heads 70B and 70B, and — in 
three dimensions using the perspective drawing like the display of a blood vessel wall. 
[0046] Moreover, in the blood-flow display image of drawing 6 , while the three 
dimensional image 80 of a blood vessel wall is displayed on CRT58, the direction of a 
blood flow is displayed by the elementary streams 72A and 72A and — (line which met 
in the direction of a blood flow) which pass along the point chosen as arbitration. 
According to the blood-flow display image which was explained above and which is 
displayed, the situation of the flow of the blood in a blood vessel can grasp 
immediately visually, and can find the abnormality part of a blood vessel now easily. 
[0047] In addition, although the blood flow of the flash which is the gestalt of the 
above-mentioned implementation was displayed with the still picture, you may make it 
express a blood flow as an animation according to a motion of the heart. For example, 
the configuration of the animation of the three dimensional image of the organ 
accompanying the movement toward breathing is indicated by the Japanese-Patent- 
Application-No. No. 243231 [ four to ] description. Although the image was classified 
according to the respiratory position phase, the three dimensional image was 
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constituted for every classification image and indicating by continuation has realized 
animation display on these Japanese-Patent-Application-No. No. 243231 [ four to ] 
descriptions, if an image is classified according to the phase of a motion of the heart, 
in animation display of the blood vessel of this invention, an animation is realizable 
instead of classifying according to a respiratory position phase. 
[0048] A formula (boundary condition (19)-(22 in the Gentlemen phase in the 
coordinate of the pixel used for the three-dimensions image display of the initial 
condition and the blood vessel wall to which the phase delta of 23) was changed) is 
used for the animation display of the blood flow doubled with the animation of a blood 
vessel. For example, in the display of an animation, if the display image shown in 
drawing 6 is used, it will be displayed as shown in drawing 7 (A), (B), and (C), and 
change of the blood flow according to the beat of the heart can be grasped now. 
[0049] Moreover, although the blood flow was displayed with the arrow head or the 
elementary stream, the particle of a large number which imitated not only this but 
blood may be actually moved within a blood vessel, and the situation of a blood flow 
may be expressed with the gestalt of the above-mentioned implementation. Moreover, 
with the gestalt of the above-mentioned implementation, although the blood flow was 
computed with the N-S equation, it may be made to indicate the blood flow by the easy 
operation by simple. For example, in a simple display, it uses that the flow rate per 
unit time amount is the same. In the three dimensional image 80 of the blood vessel of 
drawing 8 (A), a cross section is taken horizontally (cross-section image 82 reference 
of drawing 8 (A)). The cross section of a blood fluid as Si (i= 1, 2 and 3, — ) if the 

travel per unit time amount is set to deltai (i= 1, 2 and 3, 4 — ) — approximation 

like — deltal-(Sl+ S2) /2=delta2-(S2+ S3) /2delta2-(S2+ S3) /2=delta3- 
(S3+ S4V2 is realized. 

[0050] Since a three dimensional image shows area Si (i= 1, 2 and 3, — ), it 
understands deltai (i= 1, 2 and 3, 4 — ). Moreover, an animation as shown in drawing 8 
(B) can be made based on this. This blood-flow display image shows signs that blood 
(this central point is specified with a mouse 60) flows, and three points ( n -"74A, 
"O n 74B, "x" 74C) spread centering on the intersection of three straight lines. 
[0051] As mentioned above, although the gestalt of the above-mentioned 
implementation explained the blood-flow display which displays the situation of the 
blood flow in a blood vessel, this invention is not limited to this but can be applied to 
the display in the various pipes of a reactor (i.e., condition) etc. It is applicable if it is 
generally the fluid display in tubing. 
[0052] 

[Effect of the Invention] Since the situation of the flow of the fluid of the tubular inside 
of the body was displayed according to this invention while displaying the false three 
dimensional image of a tubular inside-of-the-body wall as explained above, the 
situation of the flow of the fluid of the tubular inside of the body can be grasped 
visually, and the defective part inside a tubular object can be detected easily. 



[Translation done.] 
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